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A daughter and twin granddaughters of Carlotta Pontiac, whose li fetim e 
record was 157,896 pounds, (almost eighty ton s) of milk. 
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According to recent reports there are more than twenty-three 
million dairy cows in the United States. The average productive life 
of the dairy cow is not more than six years, which means that the 
farmer with twelve cows must have two heifers coming into milk 
every year to maintain the number of animals in his herd. It means 
also that the whole number of cows in the United States must be 
replaced every six years and that approximately four million must 
come into maturity each year in order to maintain the number of 
cows in the United States. This number does not provide for in-
creasing the total to meet the demands of the ever growing popula-
tion of the country. Not only is this population increasing, but a 
knowledge of the value of dairy products has brought about a greater 
consumption, the demands for which must be met in some way. The 
cow does not usually become productive until she is at least 2 years 
old. The number of unproductive dairy heifers to be maintained in 
an immature condition is approximately eight millions. It costs 
about $70 for feed to raise a dairy heifer to the age of 2 years. 
This means that the farmer with twelve cows must of necessity raise 
two heifers each year, or, that he must at all times have on hand 
four unproductive heifers. At $70 a head for cost of feed alone, 
this represents an investment of $280, simply to insure maintenance 
of the number. of animals in the herd. The dairy industry in the 
United States has approximately $560,000,000 invested in these un-
productive animals. Regardless of the cost, the dairy business must 
be maintained and these heifers must be raised. 
There are two methods of replac¥:1g animals discarded from the 
herd; one is to buy heifers or mature cows on the open market, and 
the other is to raise the heifer calves which are dropped in the herd. 
The former method requires perhaps less effort and less time and 
attention on the part of the dairyman, but it has serio~s drawbacks. 
First, it is expensive; particularly, because the good cows, which 
are the desirable ones, are not for sale except at very high prices, 
while the undesirable ones, or "culls," are on the market at a much 
lower figure. It is readily understood that the man who goes to the 
trouble of raising his heifers to sell, does so only when he can re-
alize a profit. The buyer pays, therefore, the actual expense of 
niising the heifer, plus some profit. Even after going to all the ex-
pense and trouble of searching out the heifers, transporting them to 
his farm and paying a good price for: the privilege, the farmer is 
almost sure to find that some of them are unprofitable and must be 
disposed of. In addition, w~en cows are purchased there is always 
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serio'us danger of introducing diseases such as tuberculosis or con-
tagious abortion. A fact even more important is that the dairy 
farmer should be interested in his work with the idea of making im-
provement and progress, and he should consider dairy farming as a 
breeding proposition with great possibilities for improving his herd. 
Also, he should realize that wherever the practice of buying rather 
than raising heifers is followed, the production of the herd is low 
and there is never much tendency for it to increase. 
NATURE'S FOOD FOR THE CALF 
Whole milk is nature's balanced ration for the young calf and 
should be fed during the first ten days or two weeks. Whole milk, 
however, contains the valuable constituent, butterfat, which goes into 
the manufacture of the most highly priced dairy products. When 
the selling price of butterfat is from fifty to sixty cents a pound it 
is 110t an economical practice to feed calves with ' whole milk over 
very long periods. Neither is it necessary to feed whole milk in 
large quantities for success in raising good calves. Skimmilk differs 
from whole milk only in its lack of butterfat. The food value of 
fat can be substituted in the form of grain at much less expense, 
and experience has shown that calves will make practically as good 
growth with skimmilk, hay, and grain, as with whole milk. 
A calf that is equally as good as one nursed by the mother can 
be raised on skimmilk at a great saving in the cost of feed. Experi-
mental work has shown that two pounds of grain will replace one 
pound 0'£ butterfat as an energy-producing food for the calf. But-
terfat is worth fifty to sixty cents a pound while a grain mixture 
suitable for use as a substitute costs not more than three cents a 
pound. The economy of using skimmilk in place of whole milk is 
evident. To the farmer who makes butter or sells cream, the prob-
lem of calf raising then should be a comparatively simple one be-
cause of the available skimmilk which he has for feeding purposes. 
THE PROBLEM WHEN WHOLE MILK IS SOLD 
It is readily recognized that at the present prices of dairy pro-
ducts, dairy calves cannot be fed economically on whole milk over a 
long period. It is also true that approximately forty-five per cent 
of the dairy cows in the United States are found on farms produc-
ing whole milk for condenseries, cheese factories, powdered milk 
factories, and for the market milk trade. On these farms the milk 
brings a high price; in many cases $3 to $4 a hundred pounds,-some-
times much more than that. 
4: MISSOURI AGRICULTURAL EXPERIMENT STATION CIRCULAR 88 
A calf requires an average of about' fifteen pounds of whole 
milk a day until four months old .. This amounts to 1800 pounds. If 
valued at even such a low price as $3 a hundred, the milk alone 
costs $54. This does not include the cost of hay and grain consumed 
in addition to the milk. 
Farmers making a business of selling whole milk do not have 
skimmilk for feeding purposes and the common practice is to kill 
the bull calves at once or sell them for veal. Unfortunately, too 
often the heifer calves are also disposed of in the same way. In 
such cases the herd must be replenished by buying mature cows. 
The disadvantages of this plan have been discussed. 
The fanner selling whole milk cannot afford to raise his calves 
entirely on whole milk. N either does he have skimmilk for feeding 
purposes. How shall he feed his heifer calves to raise them economi-
cally? 
Three general plans are open to the farmer who sells whole 
milk and at the same time raises his heifer calves. First, he may 
feed the calf a minimum amount of milk and some grain. Sufficient 
milk must be supplied to give the calf a good start. It has been 
found by experiment1 with a group of calves that the minimum 
amount necessary is 152 pounds of whole milk and 435 pounds of 
skimmilk Second, give the calves whole milk for a short time, after 
which they may be changed to a ration of calf-meal gruel or so-called 
"milk substitute." Fair success has followed this method. Third, 
give the calf a good start on milk, then take the milk away at the 
end of about two months and put the calf on a hay and grain r.ation. 
Fair success has been obtained with both the second and third meth-
ods. Discussions of these two methods follow. 
RAISING CALVES ON MILK SUBSTITUTES 
The need for home-raised calves has led to a search for a "milk 
substitute." While the feeds which have been tried have given some 
degree of success, there has not yet been found a complete or entirely 
satisfactory substitute for milk It is doubtful if any article or com-
bination of articles that will completely take the place of milk in the 
diet during the first two months of the calf's life can be found. 
There are a number of so-called milk substitutes on the market. 
Most of them are sold in the form of calf meals, and with proper 
'Fraser, W. ]., & Brand, R. E., Milk Required to Raise a Dairy Calf. 
l11inois Experiment Station Bulletin 164, 1913. 
RAISING CALVES ON FARMS WHERE WHOLE MILK IS SOLD 5 
care many of them will give good results. It should be clearly un-
derstood at the outset that calves raised on calf meals will not be as 
fat and sleek as those raised on milk. They will be growthy and 
healthful, however, provided they are given proper attention. Calf 
meals can be bought from local dealers at varying prices, or they may 
be mixed at home if the proper ingredients can be secured. In many 
cases the home-mixed calf meals are superior to the ones bought on 
the market, and as a rule they are considerably cheaper. 
A calf meal, in order to give success, should be made up of in-
gredients that are easily and readily digested and that are not too ex-
pensive. A few of the most commonly used materials are: fine corn 
meal, flour middlings, wheat flour (poor grade), ground rice, oat 
flakes, barley malt, cocoanut meal, linseed meal, flaxseed meal, cot-
tonseed meal, blood flour, blood meal, and dried skimmilk or skim-
milk powder. Skimmilk powder is not absolutely essential and it is 
rather expensive, but many of the calf meals that have given the 
best results have contained considerable amotmts of it. 
HANDLING THE YOUNG CALF 
Whether the calf is to be raised on whole milk, skimmilk, or one 
of the calf meals, or so-called milk substitutes, or by the third method 
mentioned, which consists in putting the calves on a hay and grain 
ration at sixty days, the treatment for the first few days should be 
the same. One not familiar with the plan followed in raising calves 
on skimmilk should get a copy of Missouri Experiment Station Cir-
cular 47. It may be had by addressing the College of Agriculture, 
Columbia, Missouri. 
Many times a farmer selling whole milk has a surplus which he 
separates. This provides a limited amount of skimmilk which can 
be fed to calves to good advantage. In such case, the milk in the 
ration can be gradually changed from whole milk to skimmilk at the 
end of two or three weeks by substituting an equal amount of skim-
milk for each portion of whole milk removed. A complete substitu-
tion can be effected in a week or ten days, at which time a good 
healthy calf should be receiving about six quarts a day. This 
amount will vary with the size and condition of the calf. In case the 
supply .0£ skimmilk is irregular it is well to have on hand a supplY. 
of skimmilk powder which can be mixed with water at the rate of 
one pound to every nine pounds of water. This can be fed the same 
as the whole or skimmilk. 
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THE ADDITION OF CALF MEAL 
When the calf is started on calf meal the amount to be added 
varies with the size 0.£ the calf and the brand of meal. Directions 
included with the meal should be followed very carefully. In almost 
every case, the recommendations are to mix the meal with either hot 
or cold water in sufficient amounts to make a thick, pasty gruel. 
This is stirred carefully to remove all lumps and then diluted with 
boiling water. The gruel is usually added to the skimmilk and fed 
at approximately blood temperature. It should never be fed cooler 
than 95 degrees Fahrenheit and should be given at the same tempera-
' ture every day. A thennometer is necessary; "guess-work" has no 
place in calf feeding. The amount of skimmilk should be gradually 
decreased and the amount of calf-meal gruel increased. At the end 
'of six weeks the milk can be discontinued. At this time the calf 
may be taught to eat the dry meal from a feed box if small quantities 
are rubbed on its nose after it has finished drinking. Feed the dry 
meal regularly and in small quantities so that none will be left in 
the feed box to spoil. Give just what the calf will readily eat, and 
develop the appetite slowly. The gruel can be continued until the 
calf is four months old and perhaps somewhat longer if desired. 
It is always advisable to get the calves to take hay and grain at 
as early an age as possible. They will usually begin when three or 
four weeks old if given the opportunity. The early development of 
this habit helps greatly when calves are taken off the calf-meal 
ration, for they are already taking liberal quantities of hay and grain 
and the change to this ration alone will be gradual. The calves will 
not suffer such a serious "set-back" as they might otherwise ex-
perience. For the first six to eight weeks, the hay fed should be a 
fine grade of timothy or a coarse alfalfa o,r mixed hay. Fine alfalfa 
hay is so palatable that the young calf will eat too much. Either feed a 
coarse hay or limit the amount of hay which the calf Can get. After 
this time, alfalfa may be fed liberally in safety. 
The cost of calf meal is a variable. At present, it may be 
bought, ready mixed, at prices ranging from $4 to $10 a hundred 
pounds. The average retail price is approximately $5 a hundred 
pounds. In large quantities, the meal may usually be bought at a 
considerably lower price. There is nothing to indicate that the high-
est priced meals are superior to some of the ,more moderately priced 
ones. 
One home-mixed calf meal, known as the Purdue Mixture, 
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which has given good results is composed of equal parts by weight 
of hominy feed, linseed meal, red dog flour, and dried blood. Each 
of these constituents can be bought at a reasonable price and mixed 
at home. Another mixture used with success at the Indiana experi-
ment station consists of 8 parts corn meal, 3 parts dried blood, and 1 
part oilmeal. Still another mixture that has been recommended is 
one made up of 44 pounds ground oat fiakes, 20 pounds ground flax 
seed meal, 10 pounds flour middlings, 22 pounds fine corn meal, 
and 3 pounds blood flour. 
Many other mixtures can be used that will give good results pro-
vided: (1) The proper nutrients are present, (2) the feeds are of 
a nature to promote good physiological condition, and (3) the nu-
trients are present in an easily digestible form. 
PREPARING THE GRUEL 
As a general rule, one pound (dry weight) of a calf meal is a 
fair substitute for 4~ quarts or about 9 to 10 pounds of skimmilk. 
The meal should be made into a gruel or very thick paste b'y adding 
a very small quantity of cold water. All lumps should then be stir-
red out. After this is done, boiling water should be added at the rate 
of 43~ quarts for every pound of meal used. It ,is a good plan to 
heat this mixture to 145 degrees for thirty minutes and then cool to 
;;tbout 95 degrees. This gruel can be substituted for skimmilk, 
pound for pound. 
FEEDING PLAN 
Following is a plan which will work out fairly w:ell with calves 
of average size. Very large calves should receive slightly more than 
the quantities named, while small calves should receive less than 
called for in the schedule. Calves that are off-feed or out of con-
dition in any way must be given, special attention. If even a small 
quantity of skimmilk is available, it may well be substituted for the 
whole milk after the calves are fourteen days old. A good grain 
mixture for calves is one composed of 4 parts corn chop, 1 part bran 
and 1 part linseed meal. I t should be remembered that no hard and 
fast rule can be laid down. Each calf must receive individual at-
tention. 
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TABLE I.-RATION FOR CALVES ON CALF MEAL 
~ Pounds Pounds l~ounds Age" milk , gruel grain Ha y daily daily daily dail y , 
I 1 to 3 days I Leave with mother 3 to 14 days I 10 I I 
14 to 21 days I 9 1 
21 to 30 days I 9 3 Very little Free access to coarse ha I y 
I or limited amount al fa If, 
30 days to 6 weeks i 
6 weeksto 2months ! 
2 to 3 months 
3 to 4 months 
4 to S months 
S to 6 months 
I 
, 
i 
I 
6 6 
12 
I 14 
14 I , 
Very little 
o lb. 
lIb. 
2lbs. 
4lbs. 
40 lbs .• 
" 
.. 
I Small amount al talfa ha\' 
Free access to al falfa hay 
" 'j 
" " 
Gruel feeding may be continued after the fourth month if de-
sirable or it may be discontinued at three months of age and the 
calf be put on a hay and grain ration according to a plan which is 
described later in this circular. 
Remember that calves will probably be less fat and smooth when 
fed on calf meals than when fed on milk. However, they should be 
of practically the same size and in a good thrifty condition. Milk 
is preferable as a feed and at equal costs should be given in prefer-
ence to substitutes. The use of calf meal is valuable only when the 
selling price of milk makes the use of milk prohibitive. 
All of the precautions to he followed in feedi.ng whole or skim-
milk must be observed when using calf meals. 
1. Do not overfeed. 
2. Give feed in a clean wholesome condition. 
3. Have all utensils scrupulously clean. 
4. Feed regularly and in small quantities. 
S. Always feed at a tempeniture of 9S to 100 degrees F, Use a ther-
mometer-do not use your finger. 
6. Give the caJf water to drink. 
7. Be regular iIi. everything. 
8. Give the calves eXercise in the open air during good weather, but 
do not expose them during cold, rainy weather. 
9. Provide clean, well-lighted pens witli plenty of bedding. 
lO. Whenever possible give each calf a separate pen and limit the feed 
of each animal. If a separate pen is not possible, stanchions muSt 
be used. Especially is this true when raising caives without sldin-
m~ , 
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II. 'vVatch the calf' s tail and give prompt treatment whenever an ab-
normal condition occurs. 
PUTTING CALVES ON A HAY AND GRAIN RATION AT 
THE AGE OF 60 DAYS ' 
\Vork has recently been done at the Missouri Experiment Sta-
tion to determine the earliest age at which calves can be taken of f 
skimmilk and still continue to make normal gains. The general plan 
has been to wean one group of calves at five months, another at four 
months, another at three months, and a fourth group at two 1110nths. 
Both before and after weaning, the calves were weighed and 
measured every ten days and the weights and measurements compared 
with normal weights and measurements for the breed. Table 2 
shows the normal weights of calves of different breeds at different 
ages. This table is very useful in determining whether a calf is 
making satisfactory gains or whether it is being stunted. 
T,\uu: 2.-NoR~IAL WI': I(;WJ'~ OF DAiRY C ALVES FRO~I BIRTH 1'0 
BREEDS 
months pounds pounds " 
Age in Holstein, f Jersey. \ 
_______ -:-__ -+ ____ ~---- J_ 
Birth ... . .. ,., .. .. . , . .. . 
I .. . .. . ..... .. .... .. 
2 ............ .. .... . 
3 ........ .... " .. .. , 
4 .... , . .. , .... . , .. "., 
5 
6 
7 .......... . .... " .. 
8 
9 
10 
11 ......... ... : .. ; ..... 
12 ..... , . . ... . , ..... . 
88 
121 
157 
200 
249 
302 
349 
389 
425 
466 
501 
529 
558 
I 
j 
53 
76 
105 
140 
174 
222 
260 
302 
340 
376 
407 
432 
456 
Ayrshire, 
pounds 
65 
90 
128 
170 
218 
254 
286 
304 
336 
366 
406 
~27 
456 
YEAR, H\' 
Shorthorn , 
pound~ 
7~ 
118 
133 
174 
225 
268 
316 
348 
419 
461 
538 
547 
, ' t 
Success has been obtained by weaning both Jersey and Holstein 
·calves at five months, at four months, and at three months, and 
practically normal gains were secured in almost every case when the 
calves were taken off a 'skimmilk ration at the age of sixty days, 
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METHODS OF HANDLING THE CALVES 
The plan followed has been to get the calves to take a good 
ration of skimmilk with some hay and grain as soon as possible. For 
the first two weeks after birth a small calf such as a Jersey should 
receive from 8 to 10 pounds or 4 to 5 quarts of milk daily. This 
should be fed in two or three feeds a day. A large calf such as a 
Holstein may be given 10 or 12 pounds daily. When the calf is two 
weeks old it can be gradually changed from a ration of whole milk 
to one of skimmilk by substituting an equal amount of skimmilk for 
each portion of whole milk removed. The plan of substitution is 
based on the supposition that the fanner can secure a limited amount 
of skim milk. A complete substitution can be secured in a week or 
ten days. When this substitution has been completed a medium-sized 
calf should be receiving about 12 pounds of milk daily. From this 
time until two months old a calf should receive from 12 to 15 pounds 
of skimmilk daily, depending upon the size and condition of the calf. 
During this period the calf must be taught to eat hay and grain. The 
calves on experiment were fed liberally by this plan until about 55 
to 60 days old at which time they were taking an average of about 
,)ne pound of grain daily. The amount of skim milk was then reduced 
a half and the amount of grain and hay somewhat increased. About 
a week or ten days later the rest of the skimmilk was withheld pro-
vided the calves were doing well. At this time the calves were about 
65 to 70 days old and were receiving a ration made up entirely of 
alfalfa hay and a grain mixture. 
Two grain mixtures were used with practically the same suc-
cess. Mixture Number 1 consisted of 4 parts by weight of corn. 
chop, 1 of wheat bran and 1 of linseed meal. This was used in the· 
majority of cases. The other, or mixture Number 2, was the same· 
except that blood meal was substituted in place of half the oilmeal. 
The hay used was a good grade of alfalfa. Timothy hay was used 
in a few cases but the animals did not gain as they should and sooner' 
or later suffered a more or less complete breakdown from which 
they partly recovered when alfalfa hay was substituted for timothy .. 
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TABLE 3.-FEED CONSUMED BY HOLSTEIN CALVES 
Period Age, I Av. hay I Av. grain I Age, i Av. hay 
1 
Av. grain 
days I daily. lbs. daily, lb •. I months daily.lbs. daily,lbs. I i i i L ~ 
-I T I 
1 60 to 70 1.3 l.9 I 2 70 to SO 1.9 2.7 2 to 3 1.9 ! 2.7 
3 SO to 90 2,6 3.5 ! 
4 190 to 100 3.1 3,9 
5 100 to 110 3.7 4.3 3 to 4 3.6 4.2 
6 110 to 120 4.1 4.5 
7 1120 to 130 4,3 4,6 
S 130 to 140 4,4 4.S 4to 5 4,5 4.S 
9 1140 to 150 4.S 4,9 
10 , 150 to 160 5.1 5.0 
11 : 160 to 170 5.3 4,S 5106 ,3.3 4.9 
12 : 170 to ISO 5.6 4,8 
TAIlLE 4.-FEED CONSUMElJ BY JERSEY CALVES 
I I Av. grain , I Av. grain Pt~riod Age I Av. hay Age Av. hal' days daily, lbs. I daily.lbs. months i <I'lily,lbs. ,laily, lb •. I 
I 
I --1---._·· -
.. _-". 
! I 
I I 1 ... 60 to 70 O.S I 1.5 I 
2 70 to SO 1.7 i 2.1 I 2to 3 I 1.5 2.3 · .. ! I 3 · .. SO to 90 2.l i 3.1 i 4 · .. 90 to 100 2.5 I 3.7 I i 
5 · .. 100 to 110 2.S I 4.0 1 3 to 4 i 2.9 3.9 
110 to 120 I 3.9 ! 6 .. . 3.4 i 
7 ... 120 to 130 2.7 I 3.0 ! ! 
S ... 130 to 140 3.4 3.4 I 4 to 5 I 3.3 3.6 9 140 to 150 4.0 i 4.5 · .. I 10 · .. 150 to 160 4.4 I 4.5 I 
11 160 to 170 3.S ! 4.0 I 5 t06 4.3 4.5 . .. i ! 12 ... 170 to ISO 4.6 
I 
5.0 i 
I j j 
Tables 3 and 4 show the amounts of hay and grain consumed 
by Holstein and Jersey calves, respectively, on experiment at ages 
from two to six months. The third and fourth columns show the 
average .amounts of hay and grain consumed by the calves each day 
during the ten-day period. The sixth and seventh columns represent 
the average amount of hay and grain consumed daily during the 
thirty-day periods or by months. 
12 MISSOURI AGRICULTURAL EXPERIMENT STATIO N CIRCULAR 88 
/\. number of irregularities in columns three and four were 
caused by some of the calves getting off-feed. Because of these ir-
regularities perhaps the figures in columns six and seven are of more 
practical value as a guide to feeding. Individual animals will vary 
considerably and this table can be used only as a guide: As has been 
stated, no hard and fast rule can be laid clovm in calf feeding. Each 
animal must receive individual attention . 
/\. fevv precautions are necessary if success is to be expected 
when weaning calves at as early an age as sixty days. First, the 
calves must be normal and healthy and must be eating considerable 
quantities of hay and grain at the time the change is made or they 
will not make good gains when changed to a hay and grain ration. 
Second, the calf must not be suddenly taken off milk and put on a 
hay and grain ration exclusively. Half the milk ~l1ay be withheld at 
once and .the remainder taken away a week or ten days later. This 
method has given fully as good results as the more commonly prac-
ticed method of reducing the milk more gradually, such as taking 
a\I\'ay one or two pounds at a time. In the majority of cases small 
quantities of skimmilk were fed during the first ten-day period repre-
sented in Tables 3 and 4. This quantity was small and was not re-
corded in these tables. Third, the calves must be fed liberally on 
both hay and grain after the change has been made. The calves on 
experiment were given all they would eat readily. As soon as a calf 
showed signs of going off-feed, the ration was cut severelv for a 
few days until the appetite became keen again. 
SUMMARY AND <;ONCLUSIONS 
1. Raising calves entirely on whole milk is too expensive and 
should not be practiced. 
2. If skimmilk is available at a reasonable price it should be 
used for feeding calves up to the age of five or six months. 
3. Fair success can be secured by feeding calf meals or the 
so-called "milk substitutes" provided all precautions are duly ob-
served. The resl+lts in growth and general condition by this pro-
cedure will probably not quite equal those produced by skimmilk 
feeding. . 
. 4.. Practically norrn,al gains can be secured by feeding liberally 
ort'skimmilk; hayand 'grain 'up to the age of sixty days and then 
ch~ngirig 'to aHQ~i-ilfation of hay and graiIf . . Raising calves by this 
rri~th;;:chs l11u2id-hdre sifuple' than raising th~m' on the calf-meal gruel. 
; , /I: . j l . 
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Calves must be normal and in good condition at the time the change 
is made. They must be given a good start. 
5. A good grain mixture is made up of 4 parts corn chop, 1 
part wheat bran, and 1 part oilmeal. It is probably equally as good 
and perhaps of slight advantage to the very young calf, to substitute 
blood meal for half the oilmeal in this mixture. 
6. Only a good grade of alfalfa or other legume hay should 
be used. Timothy hay may be used until the calf is six weeks old 
but is not successful for prolonged periods. 
